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Particle-decay processes are some of the most promising methods of testing the Standard Model

β-decay experiments are how we know the weak-interactions are V-A (left handed)

Precise measurements are used to search for small corrections to V-A structure

Decays are used to determine elements of the quark mixing matrix (CKM)


With current limits, our understanding of β-decay must be controlled with a precision of O(10-4)

The main challenge is understanding  

electromagnetic (QED) corrections often  
denoted radiative or radiative QED  
corrections

As part of our larger research program


  we seek to add QED for precision studies,

  yet the correlated correction need only be

  at 10-4 / 𝛼fs ~ 10-2 level


Motivation
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Particle-decay processes are some of the most promising methods of testing the Standard Model

β-decay experiments are how we know the weak-interactions are V-A (left handed)

Precise measurements are used to search for small corrections to V-A structure

Decays are used to determine elements of the quark mixing matrix (CKM)


With current limits, our understanding of β-decay must be controlled with a precision of O(10-4)

As part of our larger research program


  we seek to a QED for precision studies,

  yet the correlated correction need only be

  at 10-4 / 𝛼fs ~ 10-2 level

Therefore, we need to make sure our systematics


  are controlled in the QCD sector and decay constants

  act as “gold-plated” benchmarks

Motivation
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Lattice Setup
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Lattice Setup

Ensembles EFT
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Determine , mπ mK →, FK Fπ → , ml
q ms

q
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Fit Strategy

Determine , mπ mK →, FK Fπ → , ml
q ms

q

• Bayesian fits


• 18 ensembles used for preliminary 
analysis


• Models: 


•  in defining 
 and 


• Changing the scale induces N LO 
corrections

F2 = {F2
π , FπFK, F2

K}
ϵP = mP /4πFP μ0

2



QUARK AND LEPTON FLAVOR PHYSICS                                                               LATTICE 2023                                                                                         AUGUST 3, 2023

Fit Strategy

Determine , mπ mK →, FK Fπ → , ml
q ms

q

• Bayesian fits


• 18 ensembles used for preliminary 
analysis


• Models: 


•  in defining 
 and 


• PT- NLO


• At N LO- full PT or just ct


• Include N LO ct or not

F2 = {F2
π , FπFK, F2

K}
ϵP = mP /4πFP μ0

χ
2 χ

3
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Fit Strategy

Determine , mπ mK →, FK Fπ → , ml
q ms

q

• Bayesian fits


• Models: 


•  in defining  and 



• PT- NLO


• At N LO- full PT or just ct


• Include N LO ct or not


• Each assigned a weight based on the Gaussian 
Bayes Factor of each fit.


• NLO - had a weight of zero, excluded from the 
analysis.


• 12 models considered.

F2 = {F2
π , FπFK, F2

K} ϵP = mP /4πFP
μ0

χ
2 χ

3
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Fit Strategy
• Bayesian fits


• Models: 


•  in defining 


• PT- NLO


• At N LO- full PT or just ct


• Include N LO ct or not


• Each assigned a weight based on the Gaussian 
Bayes Factor of each fit.


• NLO - had a weight of zero, excluded from 
the analysis.


• 12 models considered.

F2 = {F2
π , FπFK, F2

K} ϵP = mP /4πFP

χ
2 χ

3

Fπ = F{1 + δ(Fπ)NLO
χ−logs + δ(Fπ)NLO

CT + δ(Fπ)NLO
a2

+ δ(Fπ)N2LO
ct }

ℓμπ,FV
P = ℓμπ

P + 4ϵ2
P ∑

|n|≠0

cn

mPL |n |
K1(mPL |n | )
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  at the Physical PointFπ

PRELIMINARY

One point at .06, the new 
data will help to improve 

the precision of the 
continuum at mpi - 220

More data for 
this region

PRELIMINARY

: all points are shifted to physical  and  ϵ2
a ϵ2

π ϵ2
K

: all points are shifted to physical  ϵ2
π ϵ2

K
Fπ = 92.6 (1.0) MeV

FPDG
π = 92.277 (14) (21) (92) MeV
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  at the Physical PointFK

More data for 
this region

PRELIMINARY

PRELIMINARY

One point at .06, the new 
data will help to improve 

the precision of the 
continuum at mpi - 220

: all points are shifted to physical  and  ϵ2
a ϵ2

π ϵ2
K

: all points are shifted to physical  ϵ2
π ϵ2

K
FK = 110.3 (1.3) MeV

FPDG
K = 110.08 (19)(23)(19) MeV



• We have determined preliminary values of the light meson decay constants,  
and . 


• Add additional ensembles to the analysis


• Incorporate Mixed-Action EFT expressions at NLO


• Combined global fit with 


• Challenged by the scale setting uncertainty since it is the largest uncertainty in the data 
which complicates the analysis.


• Follow the analysis procedure form  which require quark mass renormalization.


• A precise determination of  can be used to constrain  which suffers tension from 
 decays but needs to be at the 0.2% level to be competitive with the PDG value.

Fπ = 92.6 (1.0) MeV
FK = 110.3 (1.3) MeV

FK, Fπ, and FK /Fπ

m2
π and m2

K

FK Vus
Kℓ2 and Kℓ3

Next Steps and Summary
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